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Purpose: Fibromyalgia (FM) is a chronic pain syndrome frequently associated with neuroendocrine dysfunction and has been
hypothesized to share pathophysiological mechanisms with conditions such as empty sella (ES) and intracranial hypertension. Data
regarding pituitary morphology in FM remain limited. This study aimed to evaluate pituitary gland volume (PGV), pituitary gland
height (PGH), and the frequency of ES in patients with FM using volumetric magnetic resonance imaging (MRI).

Patients and Methods: This single-center, prospective, cross-sectional study included 30 female patients with FM and 26 age-
matched female controls. All participants underwent brain MRI using a 3-T scanner. Pituitary volumetric measurements were obtained
through manual segmentation with Insight Segmentation and Registration Toolkit software. Inter- and intra-observer reliability were
assessed using intraclass correlation coefficients. Group comparisons were performed using independent samples #-tests and analysis of
covariance (ANCOVA), with statistical significance set at p < 0.05. Linear regression analysis was used to evaluate associations
between variables.

Results: The FM and control groups did not differ significantly in age or body mass index. Mean PGV was significantly higher in the
FM group compared with controls (625.8 + 115.2 mm? vs. 519.5 + 148.3 mm?®), with a mean difference of 106.3 mm? (95% CI: 35.9 to
176.7, p = 0.004), whereas PGH did not differ significantly. ES was identified in one participant in each group, with no significant
difference in prevalence.

Conclusion: Patients with FM demonstrated increased PGV. ES was rarely observed in both groups. The biological and clinical
implications of these findings warrant further investigation in larger cohorts integrating hormonal and volumetric imaging analyses.
Keywords: fibromyalgia, pituitary gland, volumetric MRI, pituitary volume

Introduction

Fibromyalgia (FM) is a chronic pain disorder characterized by widespread musculoskeletal pain, fatigue, sleep dis-
turbances, and cognitive symptoms. It is one of the most common chronic pain conditions, with a reported prevalence of
approximately 2—-8% in the general population and a marked female predominance.' Despite its high prevalence and
substantial impact on quality of life, the pathophysiology of FM remains incompletely understood. Proposed mechanisms
include central sensitization, altered pain processing, and dysregulation of neuroendocrine systems, particularly involving
the hypothalamic—pituitary axis.*

Previous studies have suggested that FM may occur more frequently in patients with hypothalamic—hypophyseal
disorders.” Moreover, clinical similarities between conditions such as empty sella (ES), FM, and chronic pain syndromes
have been reported.®” Based on these observations, a potential relationship between ES and FM has been proposed, and
it has been hypothesized that idiopathic intracranial hypertension (IIH) may influence adenohypophyseal function and

contribute to FM-like symptoms.®'°
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The pituitary gland plays a central role in neuroendocrine regulation, and structural alterations of the gland could
theoretically reflect underlying functional changes. However, data regarding pituitary gland morphology in FM are
scarce. To our knowledge, no studies in the English literature have evaluated pituitary gland volume (PGV) or the
frequency of ES in patients with FM using volumetric MRI techniques.

Therefore, the primary objective of this study was to compare PGV between patients with FM and healthy controls
using volumetric MRI. The secondary objectives were to evaluate pituitary gland height (PGH) and to determine the
prevalence of ES in patients with FM compared with controls.

Materials and Methods
Study Design and Setting

This study was designed as a single-center, prospective observational case—control study conducted in the Department of
Physical Therapy and Rehabilitation. The study was carried out in accordance with a predefined protocol, and all
procedures were performed under standardized clinical and imaging conditions.

Participants and Sample Size Determination

The sample size was determined a priori using G*Power software (version 3.1.9.7) to identify the minimum number of
participants required to achieve adequate statistical power for the primary outcome variable, PGV. Based on an assumed
large effect size of 0.80, a Type I error rate of 5%, and a statistical power above the conventional minimum threshold of
80%, the required sample size was calculated as 56 participants. The selected effect size was used because no previous
study or pilot data were available in this specific population. Accordingly, it was planned to include at least 30 female
patients with FM and 26 healthy female controls. A total of 56 participants (30 FM patients and 26 controls) were
therefore enrolled in the study. No post-hoc power analysis was performed.

Patients were diagnosed with FM according to the American College of Rheumatology 2016 diagnostic criteria by
physicians specialized in Physical Medicine and Rehabilitation within the Department of Physical Therapy and
Rehabilitation. Control subjects were prospectively recruited from hospital staff and individuals presenting to the hospital
for reasons unrelated to FM, and all controls underwent brain MRI solely for research purposes within the study protocol.
All control participants were clinically evaluated by physicians in the same department to confirm the absence of FM and
to ensure that none of the predefined exclusion criteria were present.

Eligibility criteria were predefined. The inclusion and exclusion criteria are presented in Table 1. Exclusion criteria
were assessed based on medical history and participant self-report. Individuals with chronic systemic discases, malig-
nancy, psychiatric disorders, inflammatory rheumatic diseases, autoimmune diseases, regular alcohol consumption,

Table | Eligibility Criteria for Study Participants

Inclusion Criteria FM Group Control Group

® Diagnosis of FM * ® No clinical suspicion of FM

® Ages between 18-85 | ® No history of chronic pain syndromes

Female gender ® Female sex
® Age 18-85 years

Exclusion Criteria Endocrine disorders

Hormonal medications

Chronic systemic diseases
Malignancy

Psychiatric disorders
Inflammatory rheumatoid diseases

Autoimmune diseases

Alcohol consumption

Notes: *, According to the American College of Rheumatology 2016 diagnostic criteria.
Abbreviation: FM, fibromyalgia.
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known endocrine disorders, use of hormonal medications (including oral contraceptives or estrogen therapy), or
antipsychotic treatment were excluded. No additional hormonal or laboratory evaluations were performed.
The control group was defined concurrently with the patient group at the time of study planning and initiation of imaging
procedures. Participant recruitment and data collection were conducted between November 2023 and February 2024.
Given the higher prevalence of FM in females and to ensure group homogeneity, only female participants were
included in both groups. The mean age of the study population was 46.5 years (range: 3068 years).

Variables
The primary outcome variable of the study was PGV, measured in mm?3. Secondary variables included PGH, age, and body
mass index (BMI). A PGH value of <2 mm was considered indicative ES. All variables were defined prior to analysis.

Data Sources and Measurement

Radiological data were obtained using a 3-Tesla MRI system (Siemens Magnetom Skyra, Siemens Healthineers,
Erlangen, Germany). Anatomical brain structures were visualized using a T1-weighted magnetization-prepared rapid
acquisition gradient echo (MPRAGE) sequence with the following parameters: sagittal acquisition, repetition time (TR) =
2300 ms, echo time (TE) = 3.4 ms, flip angle = 9°, field of view (FOV) = 250%250 mm?, voxel size = 1 x 1x1 mm?,
matrix = 256 x 256, and slice thickness = 1 mm.

Pituitary gland segmentation was performed using the Insight Segmentation and Registration Toolkit (ITK-SNAP)
(Figure 1). MRI data in Digital Imaging and Communications in Medicine (DICOM) format were imported into the
software. Manual segmentation was performed slice-by-slice on T1-weighted images according to predefined anatomical
landmarks. Segmentation was performed in a blinded manner, with the evaluators unaware of the participants’ group
allocation. The average time required for segmentation per subject was approximately 5—10 minutes. The superior border
was defined by the diaphragma sellae and optic chiasm, the inferior border by the sellar floor, and the lateral borders by
the medial margins of the cavernous sinuses. The anterior and posterior boundaries were defined by visible gland tissue.
The pituitary stalk was excluded from volumetric measurements.

After segmentation, all contours were visually inspected to avoid inclusion of adjacent anatomical structures. PGV
was automatically calculated based on segmented voxels and expressed in mm?. PGH was measured on the midsagittal
slice at the level of the infundibulum.

Reliability Assessment

Intra- and inter-observer reliability were evaluated using repeated measurements of pituitary gland parameters.
Measurements were performed twice at a one-month interval by a clinical neuroanatomist (>10 years of experience)
and a neuroradiologist (15 years of experience), both blinded to clinical data. Reliability was assessed using intraclass
correlation coefficients (ICC) based on a two-way random-effects model with absolute agreement. Intra-observer
reliability demonstrated excellent agreement (ICC = 0.94; 95% CI: 0.865-0.975), and inter-observer reliability demon-
strated good agreement (ICC = 0.88; 95% CI: 0.812-0.935).

Bias

To minimize measurement bias, all radiological assessments were performed by experienced observers blinded to
participants’ clinical information. Standardized MRI acquisition protocols and predefined anatomical landmarks were
used for all measurements. Selection bias was minimized by prospectively recruiting both patient and control groups
using predefined eligibility criteria.

Statistical Analysis

The normality of data distribution was evaluated using both visual methods (histograms and Q—Q plots) and analytical
tests (Shapiro—Wilk test, skewness, and kurtosis), and all variables were found to be approximately normally distributed.
Therefore, parametric analyses were considered appropriate. Continuous variables were expressed as mean + standard
deviation (SD).
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Figure | Manual segmentation of the pituitary gland performed using the ITK-SNAP software.

Between-group comparisons were initially performed using the independent samples #-test (unadjusted analysis).
Differences in PGV between groups were further analyzed using analysis of covariance (ANCOVA), with group as the
fixed factor and age and BMI as covariates to control for potential confounding effects (adjusted analysis).

Although groups were frequency-matched for age at the design stage, individual matching was not performed.
Therefore, covariate adjustment using ANCOVA was considered appropriate to control for any residual confounding.
Age and BMI were included as covariates, as both variables may influence PGV and were considered potential
confounders in the association between FM and PGV. Additionally, linear regression analysis was performed to further
explore the independent association between BMI and PGV, considering its potential confounding role.

Effect sizes and 95% confidence intervals (CI) were calculated where appropriate. A p-value < 0.05 was considered
statistically significant. All statistical analyses were performed using IBM SPSS Statistics version 22.0 (IBM Corp.,
Armonk, NY, USA).
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Table 2 Demographic Characteristics and Pituitary Gland Measurements in the Fibromyalgia and
Control Groups

FM Control Mean Difference p

Mean * SD 95% CI Mean * SD 95% CI 95%CI

Age (years) | 48.1 +67 | 456-506 | 445+93 | 407482 | 36(07t079) | 009

BMI (kg/m?) | 289 %30 | 277-300 | 264+43 | 246282 | 2.5(-04to54) 03

PGV (mm°) 626 = |15 582-668 520 * 148 459-579 106 (36 to 177) 0.004*

PGH (mm) 56%1.9 4.9-6.4 52+18 44-59 0.4 (0.6 to 1.4) 0.38

Notes: * Statistically significant. PGV values are rounded to the nearest integer.
Abbreviations: BMI, body mass index; Cl, confidence interval; FM, fibromyalgia; PGH, pituitary gland height; PGV, pituitary
gland volume.

Results

The study included 56 participants (30 FM patients and 26 controls), all of whom were female. There was no statistically
significant difference in age between the FM and control groups (mean + SD: 48.1 + 6.7 vs. 44.5 + 9.3 years,
respectively; p = 0.09) (Table 2).

We found that mean BMIs were higher in the FM group compared to the control group, but this difference was not
statistically significant (28.9 + 3.1 kg/m? vs. 26.4 + 4.4 kg/m?, respectively; p = 0.30). There was no significant difference in
mean PGH between the FM and control groups (5.6 + 2.0 mm vs. 5.2 & 1.8 mm, respectively; p = 0.38; Table 2, Figure 2A).
We detected ES (height <2 mm) in one patient in each group. PGV was significantly higher in the FM group compared with
controls (625.8 + 115.2 mm? vs. 519.5 & 148.3 mm?), corresponding to an absolute mean difference of 106.3 mm? (95% CI:
35.9 to 176.7; p = 0.004), representing approximately a 20% relative increase (Table 2 and Figure 2B).

After adjustment for age and BMI using ANCOVA, the difference in PGV between groups remained statistically
significant (F = 9.46, p = 0.003, partial n?> = 0.154). The adjusted mean PGV was 627.4 mm? (95% CI: 580.0-674.8) in the
FM group and 517.7 mm? (95% CI: 466.6-568.8) in the control group, corresponding to an adjusted mean difference of
approximately 109.7 mm?. These findings indicate that the observed increase in PGV in FM patients is independent of age
and BMI. The similarity between unadjusted and adjusted estimates suggests minimal confounding by these variables.
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Figure 2 Box-and-whisker plots showing pituitary gland height (A) and pituitary gland volume (B) in the fibromyalgia and control groups.
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Discussion

There are hypotheses proposing that patients with ES on MRI frequently exhibit similar clinical features that overlap
substantially with those reported in FM and other chronic pain syndromes.®'* According to these hypotheses, moderate
or intermittent ITH may reduce pituitary perfusion, impair basal pituitary hormone secretion, and lead to anterior pituitary
(adenohypophyseal) dysfunction and ES.” If intracranial pressure rises further, a fulminant ITH syndrome may develop,
characterized by papilledema, severe headache, and visual disturbances.””!" Taken together, these observations have
prompted the hypothesis that ITH could contribute to the development of FM.*'°

Although multiple neuroimaging studies in FM have documented volumetric and morphometric alterations in brain
regions involved in pain processing—most notably the hippocampus and prefrontal cortex—the literature offers little
regarding pituitary morphology.'* !> In particular, there are insufficient studies that systematically evaluate pituitary size,
PGV, or the prevalence of ES in patients with FM, and to our knowledge no published MRI-based volumetric
investigations of PGV in this population exist. This MRI volumetric study therefore aims to fill that gap.

Pituitary size and PGV are known to vary according to age and sex, with women being affected approximately seven
times more frequently than men.'® In addition, PGV decreases with advancing age in men and is higher in young women
compared with middle-aged women.'” All participants in the present study were women, and there was no statistically
significant age difference between the study groups (p = 0.09).

Increased PGV has been reported in obese individuals (BMI > 30) a finding that has been attributed to dysfunction of
the hypothalamic—pituitary axis.'” In the present study, 17 participants had a BMI greater than 30. The distribution of
obese individuals between the groups (10 FM, 7 controls) did not differ significantly (p = 0.30).

Empty sella was identified in one patient in each group; accordingly, no statistically significant difference in PGH was
observed between the groups (p = 0.38). However, given the extremely low number of ES cases, this comparison is
inherently underpowered, and no meaningful inference regarding ES prevalence or group differences can be made.

The only statistically significant finding of our study was a higher PGV in the FM group compared with the control group
(p = 0.004). A key limitation of this study is the absence of concurrent hormonal measurements, which restricts the ability to
directly link structural findings with functional neuroendocrine alterations. This finding partially contrasts with hypotheses
proposing pituitary hypoperfusion and volume reduction secondary to ITH.®'° The observed increase in PGV in FM patients is
unlikely to be explained by structural causes such as neoplastic, iatrogenic, or overt endocrine disorders, as these conditions
were excluded by study design. Instead, the findings may reflect functional alterations of the hypothalamic—pituitary axis. In
this context, chronic stress exposure, hypothalamic dysregulation, and adaptive neuroendocrine responses—frequently
reported in FM—may contribute to pituitary morphological changes. These mechanisms are consistent with previous evidence
suggesting altered hypothalamic—pituitary—adrenal and growth hormone axis regulation in FM.*'%24

Because our study lacked contemporaneous pituitary and hypothalamic hormone measurements, we are unable to draw
definitive conclusions regarding the hormonal mechanisms underlying the observed increase in PGV. However, when prior
studies on FM are considered, several characteristic neuroendocrine patterns emerge. Although exceptions have been reported,
FM patients generally demonstrate low basal ACTH and cortisol levels with an exaggerated response to exogenous CRH

41822 55 well as low basal GH levels with an exaggerated response to exogenous GHRH stimulation.”*** In addition,

stimulation,
a blunted TSH response to TRH stimulation has been reported,>*® suggesting impaired pituitary-level regulation related to
CRH, GHRH, and TRH secretion or signaling. Despite reported variability, elevated levels of FSH, LH, and prolactin have been
frequently observed in patients with FM and have been suggested to reflect alterations in GnRH and TRH-related regulatory
pathways.?>** " In this context, the increased PGV observed in our FM cohort could potentially be related to neuroendocrine
alterations suggested in prior FM literature. Nevertheless, any interpretation involving hypothalamic—pituitary mechanisms
remains hypothetical, as our study did not include direct hormonal measurements.

A major limitation of our study is the absence of contemporaneous pituitary hormone measurements, which limits the
ability to directly link structural findings with functional neuroendocrine alterations. In addition, cerebrospinal fluid
opening pressure and funduscopic examination were not performed, and therefore mild or intermittent intracranial
hypertension cannot be entirely excluded.
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Although age and BMI were accounted for in the analysis, the potential influence of unmeasured confounders should
be considered. Factors such as menopausal status, menstrual cycle phase, subclinical endocrine variations, stress,
depression, sleep disturbances, and physical activity were not systematically evaluated. Furthermore, reliance on medical
history and participant self-report may have introduced misclassification bias, particularly in the control group.

Although a priori sample size calculation was performed, the assumed large effect size (0.80) may be considered
optimistic. In addition, the relatively small sample size (n = 56) limits the generalizability of the findings and precludes
detailed subgroup analyses.

Another limitation is the lack of data regarding the duration and severity of FM symptoms, which prevented
assessment of a potential dose—response relationship.

Future studies with larger cohorts, comprehensive hormonal profiling, and longitudinal designs are needed to better
elucidate the relationship between FM and pituitary morphology. Despite these limitations, this imaging-based study
addresses an important gap by providing one of the first MRI-based volumetric assessments of pituitary gland
morphology in patients with FM.

Conclusion

PGV was higher in patients with FM, while the prevalence of ES did not differ significantly from controls. These findings
should be interpreted cautiously and warrant further investigation using larger cohorts and integrated hormonal and
volumetric imaging approaches.

Abbreviations

BMI, Body mass index; S, Empty sella; FM, Fibromyalgia; ICC, Intraclass correlation coefficient; IIH, Idiopathic
intracranial hypertension; ITK-SNAP, Insight Segmentation and Registration Toolkit; MRI, Magnetic resonance imaging;
MPRAGE, Magnetization-prepared rapid acquisition gradient echo; PGH, Pituitary gland height; PGV, Pituitary gland
volume; SD, Standard deviation.
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